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Roger F. Hou and Jer-Chuan Yang (1989) Suppression of nuclear polyhedrosis 
virus infection by beta-ecdysone in the silkworm, Bombyx mori L. . Bull. Inst. Zool., 
Academia Sinica 29(1): 21-27. Suppression of Bombyx mori nuclear polyhedrosis virus 
(BmNPV) infection by f-ecdysone was studied using inoculation tests and enzyme- 
linked immunosorbent assay (ELISA). Mortalities caused by BmNPV were lowest 
by injecting the Sth instar larvae of the silkworm with f-ecdysone at 0.4 ug/larva 
before BmNPV inoculation. The larvae injected with various dosages of ß-ecdysone 
had much lower ELISA values compared to those without hormonal injection, 
indicating that f-ecdysone is effective in suppressing BmNPV infection in B. mori L. 
Hormonal suppression of BmNPV infection is more predominant by inoculating 


with lower viral dosages. 
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Aana activity of the silkworm, 
Bombyx mori, to its nuclear polyhedrosis 
virus (BmNPV) has been suggested to 
be affected by production of antiviral 
proteins, insect endocrine secretions and 
ages as well as other environmental 
factors (Tanada, 1963; Watanabe, 1971; 
Aruga, 1973; Hayashiya 1978; Hou and 
Chiu, 1986; Liu and Hou, 1986; Hou et al., 
1988). Watanabe (1971) proposed that 
nutritional factors, e. g., cholesterol, are 
rather important in susceptibility of 
silkworms to viruses because this steroil 
is a precursor for synthesizing ecdysone 
in insects (Downer, 1978). Aruga (1973) 
stated that insect hormones could alter 
cellular functions, division and differentia- 
tion, and therefore affected attachment, 
penetration and multiplication of insect 
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viruses. . Chen (1979) also indicated that 
cholesterol could reduce BmNPV multi- 
plication and prolonged its incubation 
period when added to artificial diets. 
Keeley and Vinson (1975) obtained much 
lower larval mortalities by injecting f- 
ecdysone into Heliothis utrescens following 
the inoculation with nuclear polyhedrosis 
virus (NPV) compared with injection 
with the Ringer’s solution. Similar results 
were also obtained from injection with 
an ecdysteroid agent into B. mori (Liu 
and Hou, 1985). Antiviral activity of 
silkworm by administrations of ecdyste- 
roids was reported to be due to reduction 
in antiviral red fluorescent protein (RFP) 
strength (Hou el al., 1988). It seems that 
insect hormones play a role in regulation 
of viral infection in insect hosts. 
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The hypothesis as to whether ecdy- 
steroids can inhibit BmNPV multiplication 
in silkworm larvae can be further con- 
firmed by detecting the presence of virus 
using the enzyme-linked immunosorbent 
assay (ELISA) before or after administ- 
rations of pure ecdysteroids into the 
inoculated larvae because this technique 
proved to be useful for detecting several 
insect viruses in small quantities (Pay- 
ment et al, 1982; Shimizu, 198). This 
study presents variations in ELISA re- 
actions between ecdysteroid-treated and 
the Ringer’s solution-injected silkworms 
after inoculating with BmNPV, and elu- 
cidates effect of ecdysteroids on reducing 
BmNPV infection in silkworms. 


MATERIALS AND METHODS 


Insects | | 

The silkworm, B. mori, was a hybrid 
of (KuoxFu) x (NungxFeng) raised by 
the Taiwan Sericultural Improvement 


Station. The larvae were fed on mul- 
berry leaves at 25+1%C; 7545% R.H, 


until the desired instar. 


Virus source 


BmNPV was originally isolated from -. 


diseased silkworms reared in sericul- 
tural, farms of central Taiwan. Mass 
production of BmNPV was carried out 
by injecting the dissolved polyhedral 
solution into 5th instar larvae. The poly- 
hedra were purified by centrifuging 
through a sucrose gradient, 30-80% (w/v) 
at 9,000 rpm (Beckman, L-40, using SW40Ti 
rotor) for 30 min, and washed several 
times with Tis-HCl (Tris-(hydroxy- 
methyl)-methylamine) buffer (0.05 M, pH 
7.4). The resultant pellet was frozen and 
dried. 


Preparation of antiserum against BmNPV 


Six mg of BmNPV powder was dis- 
solved in 2ml of 0.05M NaCl+0.1M 


NaCO; (pH 11.0) for 30 min and neutra- 
lized for 5 min with phosphate buffer to 
give pH 8.0-8.9. The virus solution was 
then centrifuged at 2,000 rpm for. 20 min, | 
its supernatant being filtrated through a 
0.2 filter membrane. The filtrates were 
used as the antigen solution. The anti- 
serum against BmNPV was obtained from 
intramuscular injections of the antigen 
solution into New Zealand white rabbits 
for 7 weeks. The booster injection 
was increased from 6mg to 8mg of 
antigen. The antibody titer was deter- 


mined as the procedures described by 


Ball (1974) using a capillary (3x30mm) 
as indicated by the opaque ring forma- 
tion in the interphase of antigen and 
serum. 


© ELISA assay 


The procedures were modified from 
Clark and Adams (1977), Lister (1978) and 
Crook and Payne (1980). The y-globulin 
was separated from the antisera precipi- 
tated with saturated ammonium sulfate 


by using Sephadex G-25 - DE22 cellulose 


chromatography. The purified globulin 
was adjusted to OD 1.4 (=1 mg/ml). The 
enzyme-globulin conjugate was prepared 
with 54mg alkaline phosphatase (Sigma 
type VII-S) suspended in 2ml y-globulin 
solution at 1mg/ml. After dialyzing in 
phosphate buffered saline (PBS) for 18hr, 
1% glutaraldehyde was added to the 
enzyme-globulin solution to make up the 
final concentration of glutaraldehyde at 
0.06% which was then further dialyzed 
overnight in PBS to eliminate glutaral- 
dehyde. A bovine serum albumin solution 
at omg/ml was then added to the con- 
jugate. 

The ELISA assays were carried out 
using a sandwich method. The y-globulin 
was diluted with a coating buffer (1.5 g 
NaCO; and 2.93 g NaHCO, in 1 liter distilled 
water, pH 98) and coated at 200 dl in 
each well of a Nunc-Immuno Plate I. The 
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plate was washed with PBS-T (PBS+ 
0.5% Tween-20) for 4 times. After drying, 
each well was added with 200 yl antigen 
samples (purified BmNPV or diseased 
silkworm tissue homogenates) and washed 
again with PBS-T for 4 times. Tissue 
homogenates of healthy silkworms or 
PBS-T were added as the controls. The 
enzyme conjugate was diluted with a 
conjugate buffer consisting of PBS-T 
plus 2% polyvinylpyrolidone and 0.2% 
ovalbumin. After washing, the substrate, 
i.e, 08mg/ml p-nitrophenyl phosphate, 
was added at 200 wl per well. The colora- 
tion was observed for 10-30 min and 


stopped with 504] of 3N NaOH. The’ 


plates were read at 405nm using a micro- 
elisa reader (Dynatech MR 580) every 12 
hr. 


Ecdysteroid treatments 


Solutions of 8-ecdysone (Sigma Che- 
mical Co.) at 0.2, 0.4 or 0.8 1g/pl were 
injected into newly molted 5th instar 
larvae. The controls were injected with 
the Ringer's solution. The P-ecdysone 
injected larvae were inoculated with 
BmNPV virions at 0.1, 1.0, 10 or 100 ¿g/ 
larva by 24 hr post-injection. Larvae of 
each group of treatment were sampled 
once each 12 hr and their fat body tissues 
were dissected out for homogenizing as 
antigen samples for sandwich ELISA 
assays. In another series of tests, the 
5th instar larvae were first inoculated 
with BmNPV and then injected with f- 
ecdysone. A total of 120 larvae in tri- 
plicate were tested in each treatment. 
Larval mortalities caused by NPV in both 
treatments were recorded and analyzed 
statistically. 


RESULTS 


Table 1 shows that mortalities caused 
by BmNPV were lowest by injecting the 
5th instar larvae with f-ecdysone at 


Table 1 

Mortality of 5th instar silkworms 
injected with different dosages 
of f-ecdysone and inoculated 

with 10 yg/larva BmNPV 


p-ecdysone “Mortality (%) 


(ug/larva) A B 
0 73.3 a 70.2 a 
0.2 55.7 b 54.4 b 
0.4 17.9 c 42.1 c 
0.8 53.3 b 56.1 b 


A: Injection with f-ecdysone first followed by 
BmNPV inoculation. 

B: Inoculation with BmNPV first followed by 
ß-ecdysone injection. 

Means followed by the same letter are not signi- 
ficantly different at 5% level by the Duncan's 
multiple range test. 


0.4 pg/larva either before or after viral 
inoculation. The incubation period of 
B-ecdysone injected larvae with BmNPV 
inoculation was usually 1-2 days longer 
than that of the uninjected larvae. 
Further evidence was obtained by detect- 
ing viral infection with ELISA assays. 
Figure 1 shows negative reaction of 
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Fig. 1. The ELISA values of Sth-instar silk- 


worms treated with different dosages 
of f-ecdysone at 12hr interval. 
A—A:0; o—o: 0.2 1g/larva; ME: 
0.4 pg/larva; a—a: 0.8 ug/larva of 
B-ecdysone 
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Fig. 2. The ELISA values of Sth instar silkworms injected ‘with different dosages of B-ecdysone 
followed by inoculating with various dosages of BmNPV, a. 0.1; .b.1.0; c. 10; d. 100 «g/larva: 
A—A: 0; 0—0: 0.2 yg/larva; B—m: 0.4 g/larva; a—a: 0.8 yg/larva of f-ecdysone 
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ELISA assays when injected the 5th intar 
larvae with f-ecdysone only without 
BmNPV inoculation as well as those of 
sham injection. In this case all larvae 
were as healthy as the normal insects 
without any injection. However, positive 
reaction could be obtained from the 
larvae inoculation with 0.1 yvg/larva of 
BmNPV suspension, if detected 12 hr 
post-inoculation, whereas the larvae in- 
jected with various dosages of f-ecdysone 
24 hr before inoculation with BmNPV did 
not show ELISA positive reaction until 
48 hr post-inoculation (Fig. 2a). Inocula- 
tion of the larvae with BmNPV followed 
by f-ecdysone injection showed similar 
time course of ELISA reaction (Fig. 3). 
In addition, both Figures 2a-d and 3 
showed that the fP-ecdyson treated groups 
had lower ELISA values than those of 
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Fig. 3. The ELISA values of 5th instar silk- 


worms inoculated with 10 „g/larva 
BmNPV followed by different dosages 
of f-ecdysone injections. 
A—A: 0; 0—o: 0.2 vg/larva; 
0.4 ug/larva; 0.8 ug/larva of 
B-ecdysone 


E—B: 


aA: 


BmNPV inoculation only. 

Beta-ecdysone was most effective in 
suppressing BmNPV at 0.4 yg/larva irre- 
spective of the viral dosages inoculated; 
either lower or higher hormonal dosages 
than 0.4yg/larva were poor for viral sup- 
pression (Figs. 2a-2d). The results showed 
that difference in ELISA values between 
f-ecdysone injected and uninjected larvae 
can be detected more predominantly 
using the sandwich ELISA assay when 
inoculated with a lower viral dosage 
rather than higher dosages (Figs. 2a, 2d). 
All treatments also revealed that the f- 
ecdysone treated groups delayed BmNPV 
infection. 


DISCUSSION 


Resistance of mammals to microbial 
infections can be accomplished by im- 
mune responses and hormonal regulation 
of physiological processes (Kass, 1960). 
In general there are similarities in hor- 
monal actions between vertebrates and 
invertebrates. It is thus believed that 
the hormonal regulation of microbial 
infections could occur in insects as well. 
Inhibition of NPV infections by ecdy- 
steroid agents has recently been re- 
ported in B. mori based on mortalities by 
viral inoculations (Liu and Hou, 1986). 
The present study further confirmed that 
the pure ß-ecdysone either treated before 
or after viral inoculations is effective in 
reducing the larval mortality due to 
BmNPV infections. 

The ELISA techniques have been 
used to detect various insect viruses 
with high sensitivity (Kelly et al., 1978; 
Payment et al., 1982; Shimizu, 1982). The 
sandwich ELISA assay was found to be 
useful for detecting BmNPV as low as 
Ing/ml while adding the purified virions 
as antigens (Yang, 1984). Therefore this 
method is reliable for distinguishing 
antiviral activity of ecdysteroids at low 
viral concentrations in insect tissues. 
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The present results clearly showed sup- 
pression of BmNPV formation in ecdy- 
steroid-injected silkworm larvae compared 
with those insects without P-ecdysone 
injection. This further confirmed effec- 
tiveness of ecdysteroids on suppression 
of baculovirus infections in insects. Our 
findings were further supported by in 
vitro studies that treatment of Estigmene 
acrea cells with f-ecdysone after inocu- 
lating with a Tipula iridescent virus may 
inhibit capsid formation, resulting in the 
absence of normal virion assembly: as 


seen in electron micrographs (Kloc ei al.. 


1984). Keeley and Vinson (1975) proposed 
that enhancement of protein and RNA 
syntheses in host cells by ecdysteroids 
could elicit competition for nucleotides 
and amino acids with NPV and thus 
suppresses viral multiplication in Heliothis 
virescens. It is not known whether f- 
ecdysone inhibits BmNPV infection in 
the ways as mentioned above. However, 


the fact that much lower ELISA reactions 


were detected after injecting B. mori 
larvae with f-ecdysone is suggestive of 
suppression of BmNPV multiplication in 
the silkworm by exogenous administra- 
tion of ecdysteroids in vivo. 
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